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History 

• Mechanical whole house ventilation required 
in residential construction in Washington 
State since July 1, 1991. VIAQ Code 

• First statewide requirement in U.S. 
• Based on ASHRAE 62.2 1989 

– 15 CFM/occupant or .35 ACH  
• In 22 years about 800K homes 
• 1991 WA State Energy Code assumed tight 

houses < .1 ACH “Seal all penetrations” 
 



Ventilation System Types 

Integrated with  
Central Forced Air Exhaust Only 



What Really Happened 

• Houses did not get as tight as assumed.  
– Tested average of WA Code homes since 1991  
– Result- .37 ACH (7.4 ACH50) 

• Systems often did not work properly, were turned 
off or disabled by occupants. 

• If operated often over ventilated especially during 
colder seasons. 

• Not a lot of complaints or problems. 



What’s Happening Now 

• WA Code required blower door testing to about 
.285 ACH since 2009 (tested av. .31) 

• 2012 WA Code .25 ACH started 7/1/13 
• 2012 IECC requires tested 3 ACH50 (.15 ACH) 

 
It may really matter if ventilation systems actually 

work and are operated! 



What is Happening Now 

• Most really tight houses (2 ACH50 or less) have 
HRVs. Conventional wisdom is they work but they 
are expensive. 

• Super tight, high performance homes are moving 
away from CFA so integrated ventilation is less 
common option. They work with low up front 
cost but high operating costs (big fan). 

• Single point exhaust only systems are relatively 
low cost, economical to operate but how well 
they actually work? 
 



Ventilation Effectiveness Field Study 

What questions did we want to try and answer? 
1. How well do different types of ventilation systems 

work in really tight houses (<3ACH50) in terms of 
compliance with ASHRAE 62.2 2010? 

2. What is the efficacy of different systems in terms of 
watts/CFM as operated? 

3. How does door closure (especially in bedrooms) 
affect the performance of different types of 
systems? 

4. Do trickle vents improve the performance of 
exhaust only systems? 







Matrix of ACH50 and Vent Systems 
System Type House < 1 

ACH50 
House < 2 ACH50 House  < 3 ACH50 

Exhaust Only 1 4 2 

Exhaust Only with 
Trickle Vents 

1 3 4 

Integrated with 
CFA* 

2 

HRV 6 3 1 

HRV Integrated with 
CFA* 

2 

1. Sample selected from ~ 900 homes built 2006 or newer (final sample 29 sites). 
2. Screened out occupants with respiratory problems. 
3. Single family detached or multi-family with no more than 1 common wall. 
4. Roughly ½ sites marine climate zone 4   and ½  cold climate zone 5. 
5. Occupants agreed not to open windows during test cycles. 

*Central Forced Air 



House Characterization 

• General: size; volume; bedrooms, occupancy; stories; 
type heating/cooling; type ventilation; ventilation 
operation; foundation type; garage. 

• Inventory of all exhaust appliances: type; location; 
flow (cfm); power draw of ventilation equipment. 

• House tightness; duct leakage to exterior. 
• Pressure mapping: incremental depressurization 

induced by exhaust air flows and CFA operation. 
• Pressure induced across closed bedroom doors when 

whole house ventilation operated. 
• Tracer gas decay on 90% of sites; ventilation off/on; 

bdrm doors open/closed. 
 
 
 



Monitoring 

• Monitored CO2, temp. & %RH in master 
bdrm, secondary bdrm and core living area 
(15 min data). 

• Monitored door closure of master and 
secondary bdrms. 

• Monitored run times of whole house 
ventilation systems. 
 









Door logger 

CO2, Temp, RH% 







Test Cycles 

7 day test cycle periods (included weekends)  
 
Occupants provided with detailed test calendar and Journal* WSU 
weekly reminders via phone/email  
 
Test configurations: 

Whole house ventilation on/off 
Bedroom doors open/closed 
Trickle vents open/closed (as applicable) 

 
Heating and Spring season The test cycles at each house performed in 
cold winter conditions and repeated during mild spring  

 
*Occupants logged system and house & exhaust appliance 
operation, activities, changes in occupancy 



Data and Analysis 



What is Effective Ventilation? 

• Really complex 
• Dynamic interaction of: 

– Structural characteristics of the house 
– Different mechanical systems & operation 
– Outside environment 
– Occupants  & occupancy patterns 
– Pollutant sources & strengths 



Our Analysis 

• Assumed that ventilating to ASHRAE 62.2 
2010 was the goal. 

• Used C02 levels generated by occupants as 
a tracer gas to estimate CFM/occupant at 
steady state. 

• Focused on occupied bedrooms at night 
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LONG TERM CO2 TESTING 



CO2 Level Distribution with Ventilation 
On or Off 

Ventilation Works 



CO2 Level Distribution by Ventilation 

Type with Ventilation On or Off 



TRACER DECAY TESTING 



CO2 Tracer Decay Integrated CFA 
System 
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RELATIVE HUMIDITY 



Relative Humidity Levels by Room, Ventilation 
System, and Ventilation Operation 



Some Conclusions 

• Without ventilation these houses have very low ACH 
rates (<0.1) potentially allowing significant build up of 
pollutant concentrations. 

• Operation of the ventilation system increased the 
ACH rate by a factor of 4 on average. 

• Door closure has a larger impact on ACH rates in 
zones without direct distribution or active mixing. 

 



Other Areas of Study 

• Monitored door closure data 
• Fan energy used by ventilation systems 
• As found system condition 
• Ventilation performance as found 
• Occupant knowledge of the ventilation system 

and its operation and maintenance 
• Performance of trickle vents 



Fan Energy by System Type 



As Found Conditions 



Occupant Knowledge of System 
Operation & Maintenance 



HTTPS://CONDUITNW.ORG/PAGES/FIL
E.ASPX?RID=2585 

 
VIDEO FOR CONSUMERS ON WHOLE 

HOUSE VENTILATION 
HTTP://WWW.ENERGY.WSU.EDU/BUILDINGEFFICI

ENCY/ENERGYCODE.ASPX#PRESENTATIONS 

Full Report 

https://conduitnw.org/Pages/File.aspx?rid=2585
https://conduitnw.org/Pages/File.aspx?rid=2585
https://conduitnw.org/Pages/File.aspx?rid=2585
http://www.energy.wsu.edu/BuildingEfficiency/EnergyCode.aspx#PRESENTATIONS
http://www.energy.wsu.edu/BuildingEfficiency/EnergyCode.aspx#PRESENTATIONS
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